Objective: To investigate natural change of low-density lipoprotein (LDL) profile during the neonatal period and the impact of gestational age and birth weight on those changes.
Introduction
Epidemiological studies in humans show that intrauterine growth retardation is an important determinant of cardiovascular risks in later life. 1 Glucose intolerance and hypertension are related to birth size. 2, 3 The mechanisms that underlie the relationship between birth size and coronary risks have been investigated in natural and experimental animal models. The results of those studies suggest that glucocorticoids have a key role in intrauterine programming. 4 Furthermore, in animal studies of intrauterine undernutrition, hypercholesterolemia developed in later life. 5, 6 In human study, 7 lower birth weight was also associated with higher total cholesterol (TC) concentrations in adult men. However, the link between hypercholesterolemia and birth size in human is controversial. For example, in a study of adolescent twin pairs, genetic, not intrauterine, factors accounted for the relationship between low birth weight and high concentrations of TC, low-density lipoprotein (LDL) cholesterol and apolipoprotein B (apoB). 8 A meta-analysis study 9 suggested that birth weight and blood cholesterol concentration in adolescents are weakly associated and of limited importance for public health.
Studies in adults indicate that not only TC and LDL cholesterol concentrations, but also heterogeneity in LDL density, composition and oxidation, are important determinants of atherosclerosis. Cord blood has a unique lipoprotein profile that is different from adults. Cord TC and LDL cholesterol concentrations are approximately one-third that of adult concentrations, while high-density lipoprotein (HDL) cholesterol and triglyceride (TG) are about one-half that of adults. 9 Furthermore, cord blood has a pattern of lipoprotein subclass heterogeneity that is different from adults. In a study of lipoprotein heterogeneity in cord blood, the concentration of apolipoprotein E-rich HDL cholesterol was about twice that of adults and represented more than 30% of total HDL cholesterol. 10 Kwiterovich et al. 11 reported that cord blood of small for their gestational age neonates had an atherogenic lipoprotein profile with TG-rich very low-density lipoprotein and intermediate concentrations of LDL. The group also reported that neonates with elevated cord blood apoC-I-enriched HDL had lower birth weights and younger gestational ages. 12 However, there are many genetic and environmental factors besides birth weight that affect the cord blood lipoprotein profile, 13 and there is limited information linking the cord blood lipoprotein profile to lipoprotein concentrations in later life.
The aim of the present study was to investigate the natural changes in the lipid profile, especially in LDL, during the neonatal period and explore the impact of gestational age and birth size on postnatal changes in the lipoprotein profile.
Methods

Subjects
A total of 63 healthy (37 male and 26 female) neonates who were born by uneventful vaginal delivery or cesarean operation in the maternity ward of Nihon University Hospital, located in Itabashiku, Tokyo, Japan, from September 2004 to March 2005 were included in the study. All of the mothers were healthy, and their pregnancies were without complications. All infants had a 37 to 41-week gestational age. None of the neonates had asphyxia at birth, and all remained healthy throughout the study period based on physical examination. Breast-or formula-feeding was started within the first 12 h. At 5 days, all neonates had mixed feeding every 3 h in the hospital.
Lipoprotein analyses
Serum lipoprotein was collected and analyzed at birth, 5 days of age and 1 month of age. At birth, the umbilical was double clamped, and cord blood was sampled from the umbilical vein. Venous blood was obtained by venipuncture just before feeding at 5 days and 1 month of age. TC and TG concentrations were measured by enzymatic methods. ApoB concentration was measured by turbidimetric immunoassay (Daiichi Chemicals Co., Tokyo, Japan). Serum lipoprotein analyses were performed by highperformance liquid chromatography with gel permeation columns (LipoSEARCH; Skylight-Biotec Inc., Akita, Japan), which measured cholesterol and TG concentration in each lipoprotein fraction and lipoprotein particle size distribution simultaneously. 15 Feeding information (that is, exclusively breast-fed, exclusively formula-fed, mixed-breast and formula-fed) was obtained from each mother 1 month after each child's birth.
Informed consent was obtained from all parents, and the study was approved by the University Ethics Committee (Nihon University, Itabashi Hospital).
Statistical analyses
All statistical analyses were conducted using STATVIEW (version 4.5, Abacus Concepts, Berkeley, CA, USA). Data are reported as mean ± s.e. Differences in measured parameters between birth and 5 days of age, birth and 1 month of age, and 5 days of age and 1 month of age were analyzed with a Mann-Whitney U-tests. Significant differences between feeding modes were analyzed with analysis of variance. Simple and multiple regressions were used to assess correlations between variables. To analyze the effect of birth weight, gestational age and milk mode on LDL profile using multiple regression analyses, the three categorized milk subgroups replaced with continuous variables (1, exclusively breast-fed; 2, mixed-fed; 3, exclusively formula-fed). P-values <0.05 were considered significant.
Results
The birth weight in male and female neonates was 3112.6±73.7, 2931.4 ± 67.5 g (P ¼ 0.1024), and the birth length was 48.6 ± 0.3, 47.7 ± 0.4 cm (P ¼ 0.0810), respectively. No sex difference was demonstrated in gestational age, 38.8±0.2 weeks in male and 38.7 ± 0.3 weeks in female neonates (P ¼ 0.9086).
Changes in serum lipids, lipoproteins and apoB
During the first 5 days of life, when all neonates had mixed-fed, serum concentrations of TC and TG increased rapidly. At 1 month of age, serum TC concentration increased further in mixed-fed and breast-fed infants, while serum TG concentration had decreased. At 5 days of age, HDL cholesterol concentration was the same as the cord blood concentration and increased at 1 month. LDL cholesterol concentration increased 2.5-fold from birth to 5 days and persisted at 1 month in mixed-fed. However, LDL cholesterol concentration decreased at 1 month in formula-fed, and increased further in breast-fed. ApoB concentration demonstrated a similar pattern. On the other hand, LDL-TG concentration and LDL particle peak diameter showed a transient increase. At 5 days of age, neonates had more and larger TG-rich LDL particles than at birth and 1 month of age ( Table 1) .
Correlation of birth weight and gestational age to LDL profile Single regression analyses showed that gestational age had a marked influence on the LDL profile at birth and at 5 days of age, while birth weight had limited association with the LDL profile during that time. Multiple regression analyses that included birth weight and gestational age as predictors for apoB concentration at 5 days of age demonstrated that birth weight is not a significant predictor ( Table 2) .
The relationship between gestational age and LDL profile changes during the neonatal period (Figure 1 ). At birth, LDL cholesterol and apoB concentrations were negatively correlated with gestational age. At 5 days, however, the correlations changed to be positive. Increases in LDL cholesterol and apoB concentrations were associated with gestational age (r ¼ 0.480, P<0.0001 and r ¼ 0.455, P ¼ 0.0013) during the first 5 days of life. The change in LDL peak particle size during the first 5 days was negatively correlated with gestational age (r ¼ À0.270, P ¼ 0.0325). At 1 month, gestational age had no significant relationship with LDL cholesterol in breast-fed. While in mixed-fed the positive correlation persisted.
Relationship between LDL profile and mode of milk-feed at 1 month of age At 1 month of age, 9 of the subjects were exclusively breast-fed, 35 were breast-and formula-fed, and 16 were exclusively formula-fed. We did not obtain feeding information from three mothers. The three feeding groups did not differ in birth weight or gestational age. Multiple regression analyses including feeding mode, birth weight and gestational age as predictors for LDL cholesterol, LDL-TG and apoB concentrations demonstrated that feeding mode was the only determinant (Table 3) .
Discussion
The present study demonstrates that the LDL profile changes rapidly during the neonatal period. LDL cholesterol and apoB concentrations show marked increases from 0 to 5 days of age, and the concentrations persist at 1 month of age in breast-and mixedfed infants. At 5 days of age, neonates had larger and more TG-rich LDL particles than at birth. At 1 month of age, LDL particles became smaller and more cholesterol rich than at 5 days. These results demonstrate that the number of LDL particles increases rapidly during the first 5 days of life and that the composition of LDL particles is modulated by TG content throughout the neonatal period. The changes in LDL profiles in healthy neonates may represent a natural adaptation process of LDL metabolism for extrauterine life.
Van Biervliet et al. 16 measured lipoproteins and apolipoproteins in cord blood and at 7 and 30 days of age. The present results are compatible with their results showing a drastic increase in LDL cholesterol and apoB concentrations during the first week of life LDL profile changes during neonatal period H Fujita et al that persisted through 30 days of age. On the other hand, LDL-TG and LDL peak diameter in neonates has not previously been investigated. Our results demonstrate a rapid, transient increase in LDL-TG concentration and particle size. This is most likely due to a reduction in hepatic lipase activity at birth and 5 days of age. 17 Although cord TG concentration is markedly lower than that in adults, neonate cord LDL is richer in TG. 10 The present study suggests that the influence of hepatic lipase activity on LDL heterogeneity persists during at least the first 5 days of life and is greater in neonates with younger gestational age.
The present results also demonstrate the effect of gestational age, but not birth weight, on the LDL profile. In human fetuses, increases in hepatic LDL receptor activity were positively correlated with gestational age and were negatively correlated with LDL cholesterol concentration. 18 Our finding that LDL cholesterol concentration was negatively correlated with gestational age in cord blood may be partly explained by LDL receptor activity. Furthermore, in fetuses, the major organ to utilize cholesterol is the adrenal gland, and adrenal gland development may affect LDL cholesterol concentration. 19 Therefore, the LDL profile of cord blood may represent maturational status, particularly of the liver and adrenal gland, rather than nutritional status. In the present study, the influence of gestational age on LDL profile was seen at 5 days of age. LDL cholesterol, LDL-TG and apoB concentrations were positively correlated with gestational age at 5 days, and were lower in infants with younger gestational age. As suggested by Toth et al. 20 TC metabolism in LDL, most likely representing cholesterol synthesis, may develop more slowly in infants with younger gestational age compared to those with older gestational age.
Milk source is a determinant of the LDL profile in infancy. 21 Both TC and LDL cholesterol concentrations are higher in breastfed infants compared to formula-fed infants. 22, 23 Therefore, in the present study, we investigated the relationship between LDL profile and gestational age, birth weight and feeding mode at 1 month, and found that only feeding mode was a significant predictor for LDL cholesterol, LDL-TG and apoB concentrations. However, in single regression, LDL cholesterol concentration tended to be lower in younger gestational age in mixed-and formula-fed infants. It was previously reported that the effects of milk source and early cholesterol intake on TC and LDL cholesterol concentrations do not persist at 12 months. 24 In a large meta-analysis study, however, TC concentrations are lower in adults that were breast-fed. 23 Longterm changes in cholesterol metabolism may be based on early nutritional status. A possible mechanism was reported that early cholesterol exposure suppressed endogenous cholesterol synthesis even in later life. 25 The present study suggested that infants with younger gestational age did not have enough cholesterol exposure in neonatal period, when they were given formula milk. Additional longitudinal studies are necessary to determine whether the effect of gestational age on LDL profile persists into adulthood or changes with age, as observed in TC concentrations in breast-fed adults. Furthermore, mother's diets and the subsequent effect of fatty acid composition in breast milk should be also investigated to assess neonatal nutritional status.
To summarize, the LDL profile changes rapidly during the neonatal period. LDL particles increase in number during the first 5 days of life, and the composition of LDL particles is modulated by TG content throughout the neonatal period. Gestational age and Figure 1 Relationship between low-density lipoprotein (LDL) cholesterol concentrations and gestational age. At birth, LDL cholesterol concentrations were negatively correlated with gestational age. At 5 days, however, the correlations changed to be positive. At 1 month in mixed-fed infants, the positive correlation persisted. 
